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ELECTRON MICROSCOPY OF "PREMELANIN" *
YUTAKA MISHIMA, M.D., PH.D., ALDEN V. LOUD, Pn.D. AND FREDERICK F. SCHAUB, JR.
Masson's ammoniated (reduced) silver nitrate
technic (1) has been used iu studies of the process
of melanization. By this method Zimmermann
and Becker (2) demonstrated the existence of
premclanin in melanoblasts from 10 week old
human fetuses. The term prcmelanin is defined,
on the basis of the staining reaction using this
method, as the substance of granules which has
"a specific affinity for reduced silver but can not
be impregnated with ordinary silver nitrate".
Mature melanin has the property of reducing
silver nitrate directly. In the perikaryon of the
sole and palm melanocytc Masson (1) had earlier
described similar granules which reacted only
with reduced silver nitrate but which, during
migration into the dcndritic processes of the cell,
became mature melanin. Recently, Mishima (3)
has combined the dopa reaction with Masson's
method to reveal the sites of melanization more
comprehensively in the weakly reacting nevus
cell.
In the course of studies on melanin pigment
formation in goldfish scales the reduced silver
method has been modified for usc in preparations
for electron microscopy. This stain has the neces-
sary property of being highly electron scattering
since the end result of the reaction is the deposi-
tion of metallic silver and gold at the sites of
melanin and prcmclanin. Localization of the
Masson stain, an essential factor in histochcmical
resolution, has proved to be highly specific.
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METHODS
Solutions
a) Fixative solutions: Formalin and potassium
pcrmanganate fixative solutions were prepared
isotonic to goldfish blood and buffered with
veronal acetate (4). 100 ml. of fixative contained
0.289 g. sodium barbital, 0.190 g. sodium acetate,
0.315 g. sodium chloride, adjusted to pH 7.4 with
0.1 N HC1. Either 5.0 ml. of neutral formalin or
0.5 g. potassium permanganate was added to
complete the solutions.
b) 10% amrnoniated silver nitrate: To a well
prepared 10% silver nitrate solution (free of un-
dissolved silver nitrate crystals) add 10% am-
monium hydroxide drop by drop. A brownish-
grey precipitate will be formed immediately.
Add more 10% ammoniuni hydroxide until the
precipitate is completely redissolved. The solu-
tion must be absolutely clear. Add more 10%
silver nitrate until a persistent opalescence is
obtained. Keep solution in a dark bottle for 24
hours before use.
c) Gold chloride: To a mixture of 5.0 ml. of a 6%
sodium thiosulfate solution and 5.0 ml. of a 6%
ammonium sulfocyanide solution add, drop by
drop, a 2% gold chloride solution until a salmon
pink precipitate just begins to appear.
Staining Procedure
Fresh black moor and xanthic (amelanotic)
scales from goldfish, Carassius auratus, L. were
fixed 1—2 hours at 00 C. in the 5% formalin fixa-
tive. For the subsequent steps of Masson's stain-
ing procedure the tissues were carried in a small
Gooch filtering crucible to facilitate the transfer
from solution to solution. After rinsing in two
changes of distilled water the scales were im-
mersed in the 10% ammoniated silver nitrate solu-
tion, which was previously warmed to 580 C.,
and incubated at that temperature for 26 minutes.
The time of 26 minutes, which has been used
routinely, was established in preliminary experi-
ments by examining with a light microscope
scales incubated for various times. The optimal
incubation time, at which a sepia brown color
is obtained, is critical for satisfactory results
and must be determined for each kind of tissue
used.t The scales were washed for 15 minutes us-
t For 10 p paraffin sections of human hair 10—15
minutes incubation in ammoniated silver nitrate
was adequate (3). For the electron microscopy of
plucked human hairs an incubation time of 40
minutes is required as well as a doubling of the
times spent in the subsequent gold chloride and
sodium thiosulfate solutions to 2 and 8 minutes
respectively.
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ing several changes of distilled water. Next, they
were immersed for exactly one minute in the gold
chloride solution followed immediately by four
minutes in 6% sodium thiosulfate solution. The
scales were washed 10 minutes in running water.
At this step, tissues to be examined by light
microscopy were removed and mounted. For
electron microscopy the remaining scales were
either embedded directly or fixed an additional
2 hours at 00 C. in 0.5% potassium permanganate
fixative. Ordinary silver nitrate staining of scales
was accomplished as above with the ammoniated
silver nitrate replaced by a 10% silver nitrate
solution and the gold chloride step omitted. For
unstained controls fresh scales were fixed 2 hours
at 00 C. in 0.5% potassium permanganate.
Embedding and Microscopy
All scales were embedded in the water miscible
resin fraction "aquon" described by Cibbons (5).
After fixation the scales were washed twice in
distilled water and transferred to 50% aquon.
At hourly intervals they were changed to 70%,
95% and 100% aquon. The tissues then were kept
for three successive 12 hour periods in fresh
changes of embedding medium in a desiccator
over phosphorous pentoxide. The last two changes
were composed of 10 parts aquon, 25 parts dode-
canylsuccinie anhydride and 0.35 parts benzyl-
dimethylamine. Final polymerization was carried
out at 60° C. for three days. All specimens were
cut perpendicular to the plane of the scales using a
Porter-Blum microtome. The thin-sections were
examined with an R.C.A. electron microscope
type EMIJ-2A.
RESULTS AND DIScUSSION
The pigment cells of goldfish scales are found
exclusively in thc dermal layer. In xanthic gold-
fish only the yellow lipophore is seen whereas in
the black moor goldfish both lipophores and
melanphores are present. Both of these cells are
large and have many short dendrites. Electron
microscopy of unstained scales (Figs. 1 and 2)
reveals few mitochondria and membranes of the
endoplasmic reticulum. The cytoplasm of mela-
nophores contains spherical membrane-bounded
melanin granules, 400—500 mu, as previously
described (4). The lipophore is characterized by
the presence of large bodies, 500—800 mu, dis-
tributed throughout its cytoplasm and small
densely outlined vesicles, 40—50 mu, frequently
occurring in heavy accumulations. The large
bodies of the lipophore often contain an irregu-
]arly dispersed component resembling mem-
branous fragments. These bodies are clearly
distinct from mitoehondria which contain tubu-
lar type cristae (Fig. 3).
After staining with Masson's reduced silver
nitrate the melanin granules of the melanophores
have dense metallic deposits (Fig. 4). Compari-
son of Figures 5a and Sb, normal and under-
exposed prints of the same negative, shows their
distribution and structure. The staining appears
in the form of spherical crystallites up to 70—80
mu in diameter which seem to have a lower
density core. The deposits are formed in all parts
of the melanin granules but because some of them
occur near the surface the smooth outline of the
granules is obscured. In normal contrast prints
the dense substance of the melanin granule is
seen filling the space between the metallic de-
posits of reduced silver stain.
rrhe reduced silver stain shows a remarkable
degree of specificity. In the melanophores the
very high density deposits are found exclusively
in the melanin granules. No indication of any
staining reaction has been seen in mitoohondria.
nuclear or cell membranes, the basement mem-
brane at the epidermal-dermal junction, any
epidermal cells, or bone tissue.
On the other hand, the lipophore, a cell with-
out melanin, does show a definite but light stain-
ing reaction with the ammoniated silver nitrate
technic. In Figure 6 the light microscope clearly
shows the stained lipophores in a xanthic gold-
fish scale. These cells arc not stained by unre-
duced silver nitrate and therefore must contain
"premelanin" by the definition of Zimmermann
and Becker (2). Furthermore electron microscopy
of unreduced ordinary silver nitrate stain shows
the complete absence of metallic deposits in the
cytoplasmic bodies of lipophores, although silver
particles are attached to the melanin granules
and bone tissues (Fig. 7).
In eleetronmicrographs (Figs. 4 and 8) of lipo-
phores of xanthic and black moor scales stained
using the ammoniatcd silver nitrate method, it is
evident that the granular distributions of the
stain, which was apparent in the light micro-
graph (Fig. 6), are the result of the specific locali-
zation of the metallic deposits in the large bodies
of the lipophores. The metal particles are much
smaller, 5—50 mu, and their number is greater
than were found in mature melanin granules.
None of the large crystallites arc seen. The metal
particles in each large body have a relatively
narrow size distribution indicating homogeneity
within these organelles of the lipophore (Fig. 8B).
The broad total variation in size of particles
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FIG. 1. Electon micrograph of an unstained scale from a black moor goldfish. Lipophores (L) and a
melanophore (M) appear near the basement membrane (bm) at the dermal-epidermal junctlon. Lipo-
phores are characterized by the presence of large cytoplasmic bodies (1) 500 to 800 my in size, and small
densely outlined vesicles (s), 40 to 50 my, often occurring in abundance.
Fin. 2. A preparation similar to Figure 1 showing two melanophores (M) with parts of two lipophore
dendrites between them. Numerous spherical membrane-bounded melanin granules (mg), 400—500 my,
are seen in the cytoplasma of the melanophores.
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among these bodies, however, may iadieate
degrees of maturation toward greater reactivity.
The positioa of metal deposits, especially in the
most lightly stained sites, suggests their attach-
meat to the internal and peripheral membraaous
substance of these eytoplasmie bodies. As stated
above this positive reaction corresponds to
"premelania". The implications of this observa-
FIG. 3. Electron mierograph of an nnstained lipophore (L) in a xanthie goldfish scale. The large bodies
(1) are clearly distinct from the mitochondria (mit), which contain tubular type eristae.
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FIG. 4. Electron micrograph of an ammoniated silver nitrate stained black moor scale showing selec-
tive deposition of the metallic particles in the melanin granules (mg) of the melanophores (M) and in
the cytoplasmic large bodies (1) of the lipophores (L). Metallic deposits are absent from all other struc-
tures such as the epidermal basal cells (be), nuclei (nuc), basement membrane (bm), and mitochondria
(mit).
FIG. 5. Comparison of normal (A) and underexposed (B) prints of the same electron micrograph of
melanin granules stained by the aminoniated silver nitrate technic.
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FIG. 6. Light rnicrograph of lipophores in a xanthic goldfish scale stained by the ammoniated silver
nitrate technic. Metal staining is selectively fonad only in the cytoplasm of the lipophores.
Fiu. 7. Electron mierograph of a black moor scale stained with ordinary (i.e. not ammoniated) silver
nitrate. Silver deposits are not seen in the cytoplasmic large bodies of the lipophore but are found only
in the melanin granules of the melanophoros.
tion to the problem of melanogenesis are dis-
cussed further in another communication (6) in
which the ammoniated silver nitrate method is
used to study the induction of melanization with
adrenocortieotrophie hormone.
The similarities in size, distribution and sensi-
tivity to the Masson reaction demonstrated
between the mature melanin granules of melano-
phores and the large bodies found in the eyto-
plasm of lipophores suggest a possible relationship
between these structures. "Melanosomes", 0.1—
0.4 u, have recently been reported by Seiji et
a
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Pzo84ai t Electron micrograpbs of lipophores inxsnthlc goldfish scales stained with
Medsilver nitrate.
Pm. 84 shows the numerous fine metallic deposits localized in the eytoplasmic large bodies. This
tissue, like that shown in all previous micrographa was fixed in potassium permanrnste.Pm. 8B shows the appearance of a lipoporc In with votasslum permanganate fixation was omitted
after ammonlated silver nitrate staining. TM cytoplasm is poorly preserved but the Internal structure
of the large bodies on which very fine metallic granules are attached Is mote clearly evident
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at. (7) to be the enzymieally active precursor
organdies of melanin granules. Since the
large bodies of the lipophore have reached a
mature size without melanin formation they
must be considered distinct from mclanosomcs.
The presence of these "prcmelanin granules" in
the integument of the xanthic goldfish, a tissue
which does not normally become melanizcd, may
represent an interrupted phase of melanogenesis.
These large bodies in the cytoplasm of lipophorcs
also resemble the unmelanized "ghost" granules
described by Birbeck and Barnicot (8) in the
melanocytc of a human albino. It is probable
that the formation of the characteristic cyto-
plasmic structure and the deposition of melanin
within it arc independent but normally coordi-
nated processes in the growth of a melanin
granule. The concept of "prcmclanin" should re-
fer to a property of the structure itself rather than
to some chemical precursor of mature melanin.
This essential property is the selective reduction
of Masson's ammoniated silver nitrate to the
metallic state. In goldfish scales the characteristic
large bodies in lipophorcs arc the only structures
which appear to possess this capacity. Under
appropriate stimulation of the tyrosinase system
these cytoplasmic elements can become mela-
nizcd (6).
SUMMARY
Masson's ammoniated silver nitrate stain for
prcmclanin and melanin has been modified for
usc in electron microscopy. The pigment cells of
melanizcd and unmclanized goldfish skin show
highly selective localization of metallic deposits
in the melanin granules of mclanophorcs and in
characteristic large bodies in the cytoplasm of
unmelanized pigment cells (lipophores). The dif-
ferent affinities of reduced and unrcduccd
silver nitrate for melanin and the site of mclano-
gcnisis in the cytoplasmic structure of pigment
cells were clearly demonstrated. The usc of this
method in the study of mclanization and the
nature of "prcmclanin" arc discussed.
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